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The  importance  of  extreme  accuracy  in  all  analytical  methods  used  in 
calorimetric  studies  involving  balance  techniques  has  been  stressed  repeat- 
edly, and  some  of  the  laboratories  engaged  in  this  type  of  research  have 
reported  the  attainment  of  phenomenally  high  orders  of  analytical  precision* 
However,  if  there  have  been  unaccountable  losses  of  energy  during  the  pre- 
servation, storage  and  preparation  of  the  sample  for  analysis  much  of  the 
advantage  gained  by  analytical  accuracy  is  lost*  The  usual  procedure  for 
determining  the  caloric  value  of  feces  has  been  to  bum  a dry  sample  in 
a bomb  calorimeter,  and  most  of  the  energy  values  reported  in  the  litera- 
ture have  been  based  on  this  method. 

The  recent  work  of  Colovos  et  al,  (1957)  illustrated  the  possible 
magnitude  of  energy  losses  which  may  occur  during  the  drying  of  fecal 
samples.  Their  results  showed  losses  of  energy  ranging  from  4,1  to  21.0^ 
(ave,  13,8^)  when  bovine  feces  were  dried  at  65 °C,  Some  of  the  early 
German  workers  observed  a loss  of  carbon  and  nitrogen  during  the  drying 
of  feces,  and  various  precautions  were  made  to  reduce  the  losses  or  to 
correct  them.  One  of  the  methods  used  was  to  determine  carbon  and  nitro- 
gen on  the  fresh  material  as  well  as  on  the  dried  sample  and  calculate 
corrections  for  the  heat  of  combustion  determined  on  the  dry  material. 
Another  technique  was  to  dry  the  fecal  samples  in  an  apparatus  with  a 
combustion  and  absorption  train  to  collect  volatile  gases  and  CO.  lost 
during  drying.  Other  methods  of  reducing  losses  have  been  by  the  use  of 
preservatives,  frequent  sampling,  drying  under  high  vacuum  at  room  temper- 
ature, and  drying  rapidly  at  100®  C,  The  method  described  by  Colovos  ^ al, ^ 
(1957)  of  adding  a primer  to  moist  feces  and  determining  the  caloric  value 
of  the  fresh  material  appears  to  be  the  simplest  and  most  practical  solution 
to  the  problem  of  losses  occurring  during  the  preservation,  storage  and  dry- 
ing of  fecal  samples. 


i/  Paper  presented  at  the  annual  meeting  of  the  American  Dairy  Science 
Association,  June  26-29,  1957  at  Oklahoma  A&M  College,  Stillwater, 
Oklahoma, 
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The  present  study  was  conducted  to  obtain  quemtitative  data  on  the 
extent  of  energy  losses  resulting  from  preserving  and  drying  bovine  feces. 
Samples  of  feces  were  collected  daily  from  three  dry  Jersey  cows  which  were 
on  a conventional  total  collection  digestion  trial  involving  a 3 x 3 Latin 
square  design.  The  rations  consisted  of  three  lots  of  orchard  grass  hay, 
and  each  collection  period  was  for  5 consecutive  days.  Urine  and  feces 
were  separated  by  meauis  of  a rotating  belt  device. 

Samples  were  taken  from  each  day’s  fecal  collection  of  each  cow  and 
treated  in  the  following  ways:  I.  Fresh-analyzed  immediately;  II.  Dried 

in  a hot  air  drier  at  80®C;  III.  Caumed  and  autoclaved.  The  feces  were 
canned  immediately  by  the  method  described  by  Jacobson  et  al.  (1957)  and 
were  stored  at  room  temperature  until  opened  for  analysis.  Gross  energy 
determinations  were  made  with  an  oxygen  bomb  calorimeter  using  a modifi- 
cation of  the  technique  of  Colovos  et  (1957).  Combustion  of  moist 
samples  (1.5  to  2.5  g)  including  the  fresh  and  canned  feces,  was  facili- 
tated by  the  addition  of  2 ml.  of  95^  ethanol  as  a primer.  The  alcohol 
was  msiintained  at  44-46 ®F  to  reduce  evaporative  losses  during  addition  and 
mixing  with  the  sample.  Pyrex  glass  rods  3 cm  x 2 mm.  were  used  to  mix 
the  feces  and  alcohol  immediately  before  the  bomb  was  sealed.  The  gross 
energy  of  the  alcohol  (5,235  cal, /ml.)  was  subtracted  from  the  total  gross 
energy  value  to  obtadn  the  caloric  value  of  the  feces.  All  values  were 
calculated  on  the  oven  diy  matter  basis  for  purposes  of  comparison. 

Results  and  Discussion 

Table  1 summarizes  the  results  obtained.  The  values  for  period  I 
have  been  omitted  because  of  incomplete  combustion  of  several  of  the  fresh 
samples  due  to  failure  to  add  enough  alcohol  and  insufficient  mixing.  No 
difficulties  in  combustion  of  moist  samples  were  encountered  after  the  first 
week.  The  loss  (3,27  ± 3.08^,  standard  deviation)  due  to  drying  in  a hot 
air  drier  maintained  at  80°C  was  highly  significant  (P  * 0.01),  the  caloric 
value  being  5063  ± 133  cal./gm.  dry  matter  (EM)  for  fresh  feces  and  4893  ± 29 
cal./gm.  DM  for  dried  feces.  Canning  and  autoclaving  feces  prevented  energy 
losses  due  to  storage,  the  caloric  value  being  5090  ± 96  cal./gm.  DM,  A 
comparison  of  the  per  cent  dry  matter  of  the  canned  and  fresh  feces  indicated 
that  there  was  no  change  in  dry  matter  due  to  ceuming.  The  average  per  cent 
dry  matter  of  the  fresh  material  was  14.82,  while  the  dry  matter  content  of 
canned  feces  was >14.83^. 

Statistical  analysis  of  the  losses  due  to  drying  revealed  that  there 
were  no  significant  differences  due  to  cows,  periods  x cows,  or  days  within 
periods,  but  there  was  a highly  significant  difference  (P  e 0.01)  between 
periods.  One  explanation  for  this  difference  could  be  differences  in  the 
efficiency  of  the  drier  during  different  periods  because  of  the  presence 
of  varying  amounts  of  other  moist  materials  being  dried.  Another  reason 
could  have  been  analytical  or  sampling  errors.  Sampling  and  analytical 
errors  were  much  greater  for  the  moist  determinations  than  for  the  dried. 
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with  the  standard  error  of  duplicate  analyses  being  1*86^  for  fresh,  1«34^ 
for  canned,  and  0*42^  for  dried  samples.  The  alcohol  added  to  the  moist 
sample  contributed  almost  85^  of  the  gross  calories,  so  an  extremely  small 
error  in  the  amount  or  gross  energy  vaLlue  of  the  alcohol  added  resulted  in 
a relatively  large  error  in  the  caloric  value  of  the  feces.  Further  refine- 
ments of  the  alcohol  priming  technique,  such  as  the  use  of  a precision 
syringe  pipette,  coiild  possibly  reduce  the  analytical  errors,  but  sampling 
errors  would  remain.  Another  factor  in  the  use  of  the  alcohpl  priming 
technique  which  should  be  considered  is  the  manner  of  determining  the 
gross  energy  of  the  alcohol.  The  average  of  five  determinations  in  which 
alcohol  alone  was  burned  was  5,235  cal ./ml.  When  the  alcohol  walue  was 
determined  by  adding  2 ml.  of  alcohol  to  a dry  sample  of  feces  of  known 
caloric  value  plus  2 ml.  of  distilled  water  to  make  the  moisture  content 
approximately  the  same  as  the  fresh  feces,  the  average  of  six  determinations 
was  5,215  cal. /ml. 

The  relatively  small  losses  of  energy  due  to  drying  (3.27^)  as  com- 
pared to  the  results  obtained  by  Colovos  et  al.(13.8^  may  be  partially 
explained  by  the  differences  in  the  temperature  at  which  the  feces  were 
dried.  Colovos  et  al,(1957)  dried  their  samples  in  a convection  oven  for 
48  hours  at  about  65^C.  The  samples  used  in  this  study  were  dried  to  a 
constant  weight  (2-4  days)  in  a hot  air  drier  maintained  at  80 and  the 
results  are  substantially  in  agreement  with  the  findings  of  Kane  et  al. 
(1953)  in  that  there  was  no  loss  of  dry  matter  of  fecal  samples  on  drying 
at  80®C.  According  to  Raymond  and  Harris  (1954)  respiration  in  herbage 
samples  continues  until  the  sample  is  dehydrated  or  heated  to  a tempera- 
ture high  enough  to  inactivate  the  enzyme  systems  amd/or  bacterial  action, 
and  the  same  explanation  may  be  applicable  for  fecal  energy  losses.  Other 
factors  which  may  have  contributed  to  the  differences  could  have  been  the 
extent  of  urinary  contamination  of  the  feces,  dietary  differences,  and  the 
gross  energy  value  of  the  alcohol  used  for  priming. 

Summary 

A comparison  of  the  caloric  values  of  bovine  feces  analyzed  immedi- 
ately, dried  at  80^C,  and  canned  indicated  that  there  was  a 3.27±  3»0S%  loss 
of  energy  due  to  drying,  and  that  canning  feces  prevented  energy  losses  due 
to  storage.  The  use  of  alcohol  as  a primer  to  facilitate  combustion  of 
moist  samples  was  simple  and  rapid,  but  the  precision  was  less  than  that 
obtained  with  dxy  samples. 
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